It is shown that the no-cloning theorem and the principle of no-increasing of entanglement under local actions and classical communication are equivalent and can be considered as two faces of one physical law. The result is discussed in the context of the relations between quantum and classical information.
The recent development of quantum information theory shows that the no-cloning theorem [1] can be considered as a basic principle of quantum information processing. It provides fundamental bounds for capacities of quantum channels. Quite recently Bennett et al. [2] calculating the capacities of simple quantum channels supplemented (or not) by classical ones, used the theorem as a basic tool for providing upper bounds for the capacities. For example, this allowed to show that the so-called quantum erasure channel with probability ǫ = 1/2 of erasing has the quantum capacity equal to zero i.e. cannot be used for reliable transmission of quantum information.
On the other hand the no-cloning theorem has been also used in the context of entanglement processig concerning sending quantum information by means of teleportation [3] .
Recently Bennett et al. [4] introduced a concept of obtaining pure singlets needed for faithful teleportation from mixed states by means of local quantum operations 1 and classical communication (LCC operations). This is called distillation (or purification) protocol. It appears [5] that the no-cloning theorem allows in some cases to obtain the bounds for the maximal asymptotic yield of produced singlets (called distillable entanglement) for a given mixed state. This becomes more clear, in light of a general connection between quantum channel capacities and distillable entanglement of mixed bipartite states [5] . It involves the fact that many properties of a quantum channel (being in general a completely positive trace preserving map) can be conveniently described by properties of mixed state produced by sending part of maximally entangled bipartite state through it [6] . Thus considering entanglement can be helpful in the investigation of channels and vice-versa. This can be illustrated by the fact that it is only the possibility of sending quantum information by means of entangled state and classical communication (i.e. teleportation) which can make
1 By quantum operation we mean a generalized measurement. This can be always implemented as a unitary transformation over a larger system followed by usual von Neumann measurement [13] .
2 the capacity of a quantum channel supplemented by two way classical channel to be greater than in the case of the quantum channel alone. Now let us note that the entanglement processing involves another basic principle. It says that entanglement cannot increase under local action and classical communication (we will refer to it as to "no-increasing of entanglement") 2 . This principle, being proved as a theorem for a particular entanglement measure (entanglement of formation) [5] , can be treated as a postulate for any good entanglement measure [5, 7, 8] . There was also made some atempt to consider it as an analogue of second law of thermodynamics [7] . Now a fundamental question arises: is there a connection between the two principles:
the first concerning the real and the second -"virtual" quantum information [9] (i.e. entanglement) ? Note that the possible direct connection could be inferred from the recent result of Bužek et al. [10] , who used the imperfect quantum copiers [11] locally to produce two entangled states from one input entangled one. Thus imperfect cloning allows for imperfect "broadcasting inseparability". The fact that the entanglement of the joint output state cannot be greater than the initial one can be viewed as a reflection of imperfection of the copying machines. This suggests that this is just impossibility of cloning which is responsible for the fact that one cannot increase entanglement by LCC operations. Consequently, one 2 The no-increasing of entanglement under LCC operations can be understood in two ways.
Namely if the output ensemble is {p i , ̺ i } at the input state ̺ then one can require that (i)
e. that the average input entanglement cannot be increased) [5] or (ii)
. that the entanglement of the whole output state is less than that of input state) [8] , where E is a given entanglement measure. Clearly, due to a natural assumption, that E should be convex, the second condition follows from the first one. It seems to be more natural to impose the first condition and we refer here to it if we say about no-increasing of entanglement. However it cannot be excluded that for a class of reasonable functions E the conditions are equivalent.
3 can ask the converse question: is it that the no-increasing of entanglement principle implies the no-cloning theorem?
In fact, we will show here that the two principles (in a bit weaker formulations than the usual ones) are equivalent. For this purpose we adopt the following formulations: In the above formulations we allow the cloning or singlet-creating machines to produce output with any desired but not necessarily perfect accuracy. Note that the principle (2) says simply that the distillable entanglement of product state vanishes which is of course a mathematical fact. Note also that in the above formulation we do not employ any particular entanglement measure. Now we will prove the folowing Proof.-First let us note that the contradiction to (1) is equivalent to the possibility of sending quantum information reliably through the purely classical channel. Indeed if we could clone quantum states, we then could measure the wave function of a single quantum system [14] . Namely after having produced a large number of copies of the sytem of interest we could measure the mean values of a complete set of observables. The obtained data could be then sent down the classical channel and the receiver would be able to recover the 3 The no-cloning theorem in the strongest version rules out the possibility of cloning even two nonorthogonal states, see Ref. [12] quantum state with any desired accuracy. Conversly, if we could reliably transmit quantum information through a classical channel the possibility of cloning the classical bits carrying the quantum information would allow to clone the latter. Now we will see that the impossibility of reliable transmission of quantum information through the classical channel is equivalent to the principle (2). Our reasoning is similar to that leading to relations between distillable entanglement of mixed states and capacity of quantum channels [5] and bases on using quantum channels for sharing entangled pairs by sender and receiver. If the principle (2) is not valid then to transmit the quantum information down the classical channel we simply create singlet pairs by means of LCC operations and then teleport the information. Conversly, if we are able to send quantum information reliably through the classical channel, we send a half of singlet through it to share the entanglement with the receiver. Thus we are able to create entanglement by means of LCC operations. This ends the proof.
In conclusion, the seemingly different principles governing the quantum information processing appear to be equivalent. Then they can be considered as alternative formulations of one physical law.
We emphasize that in our proof we did not assume any particular form of the processes which could be used for eventual cloning. Then, as the no-creating principle is a mathematical fact, the proved equivalence can be treated as the evidence that quantum information cannot be cloned not only by means of unitary transformation but also in the general case when we are allowed perform measuremets and benefit the reading of the results.
On the other hand one can extract the physical contents of the two principles as folows.
Namely, without asking what quantum (real) information means, we can adopt the impossibility of cloning it as an axiom. The second essential property is that having infinitely many copies of an unknown bit of quantum information we can convert it into classical bits. Further, we have second kind of quantum information -entanglement, which can be considered as virtual quantum information. Now without specifying what the latter information means, one can extract its essential property i.e. that it offers possibility of transmitting quantum 5 information by means of classical bits (this actually happens during the teleportation process). The quantum virtual information must be "shared" rather than transmitted. Again, we do not define the term "sharing" assuming only that if the sender and receiver have the means to transmit the quantum real information, they can instead use them to share the virtual one. Thus we have four axioms establishing the relationships between classical and quantum information. The relationships serve here as a definition of the two kinds of quantum information. Now, in view of the proved equivalence, it turns out that the axioms postulated above allow to infer that the entanglement cannot be shared by means of local physical operations (which need not be defined mathematically) and classical communication. The term "local"
would mean here that the classical communication is the only link between the qubit which is to be transmitted and the one obtained by the receiver. As the sharing entanglement by means of LCC operations can be considered as cloning the virtual quantum information, the proved theorem says in fact that we have a physical law which forbids to clone quantum information in general.
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